Development of new laccases by directed evolution: functional and computational analyses.
Laccases are blue multicopper oxidases that couple the four-electron reduction of oxygen with the oxidation of a broad range of aromatic substrates. These fungal enzymes can be used for many applications such as bleaching, organic synthesis, bioremediation, and in laundry detergents. Laccases from Pleurotus ostreatus have been successfully heterologously expressed in yeasts. The availability of established recombinant expression systems has allowed the construction of mutated, "better performing" enzymes through molecular evolution techniques. In the present work, random mutagenesis experiments on poxc and poxa1b cDNAs, using error prone PCR (EP-PCR) have been performed. By screening a library of 1100 clones the mutant 1M9B was selected, it shows a single mutation (L112F) leading to an enzyme more active but less stable with respect to the wild-type enzyme (POXA1b) in all the analyzed conditions. This mutant has been used as a template for a second round of EP-PCR. From this second generation library of 1200 clones, three mutants have been selected. Properties of the four mutants, 1M9B screened from the first library, and 1L2B, 1M10B, and 3M7C from the second library, were analyzed. The better performing mutant 3M7C presents, besides L112F, only one substitution (P494T) responsible both for the significantly increased stability and for the exhibited higher activity of this mutant. Molecular dynamics simulations have been performed on three-dimensional models of POXA1b, 1M9B, and 3M7C, and hypotheses on the structure-function relationships of these proteins have been formulated.